Wavelets at the
Galactic Center

Sam McDermott
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‘Introduction”

existence of a significant new gamma-ray emission
from Galactic Center is pretty robust, but...

o . diffuse templates house large, energy-
dependent uncertainties













Current Technigque

Test assumption of dark matter annihilation:

e gstatistical discrimination (x? test) between
fits with and without signal template
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Current Technigque

Test assumption of dark matter annihilation:

e gstatistical discrimination (x? test) between
fits with and without signal template
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Current Technigque

Test assumption of dark matter annihilation:




Rudimentary Image
Processing, with Wavelets

In development with Paddy Fox,
llias Cholis, and Samuel K Lee

counts counts (increased contrast)

wavelet level j=3
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Wavelets

Allow analysis sensitive to both location and scale

Used for a wide variety of industrial and
academic applications:
* Image compression (JP_G 2000)
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What are wavelets?

wavelet coetticients original signal
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What are wavelets?

wavelet coefficients original signal
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Haar

signal

small
scale

The Haar wavelet:

i iIntermediate
;Z scales

cells (or pixels, etc.) 15 overall
| “brightness”

differences adjacent
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Haar

The Haar wavelet:

thls edge
IS bigger!

j;O structure
cells (or pixels, etc.) :z
iiﬂda bright
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differences adjacent




Alternate Form

same information in 2d
(position-scale space)




sine wave
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tWO SIine waves




sine waves with transition
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How Mignt this approach
improve upon templates”

GeV sky can be thought of as a high resolution
picture; wavelets can find structures in it

Poisson noise and SM uncertainty dominate at
~ scales that are small relative to bubbles or NFW,
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How mignht this approach
improve upon templates”

GeV sky can be thought of as a high resolution
picture; wavelets can find structures in it

Poisson noise and SM uncertainty dominate at
scales that are small relative to bubbles or NFW,
and the wavelets can identify those scales

by identifying and removing such structures,
wavelets provide a background expectation

that is (relatively) robust against systematic
astrophysics uncertainties




Example (mock data

counts counts (increased contrast)

Qmax:51 2

296.305

wavelet level (increased contrast)

mock
data only

50<£<512

wavelet level j=1

7 <B<1.4°

diffuse
templates
subtracted
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Example (mock data

counts counts (increased contrast)

296.305

mock
data only

28<L<256

wavelet level j=2

diffuse
templates
subtracted

-0.811234 1.37488 1.37488
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Example (mock data

counts counts (increased contrast)

296.305

wavelet level j=3

mock
data only

‘. - _
04<£<128

> Adnc A A AT

wavelet level j=3 wavelet level j=3 (increased contrast)
'-m-—-

diffuse 3 <B<06’
templates

subtracted

-0.470315 0.477184 . 0.477184
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Example (mock data

counts counts (increased contrast)

Qmax:51 2

296.305 296.305

wavelet level j=4 wavelet level j=4 (increased contrast)

mock
data only

32<l<64

wavelet level j=4 wavelet level j=4 (increased contrast) ~U¢
diffuse 6°<6<10°
templates
subtracted

|
-0.334388 0.243233
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Example (mock data

counts counts (increased contrast)

Qmax:51 2
mock
data only
4<f <256
diffuse 1.4°<9<90°
templates
subtracted

2.12214 . 2.12214
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Example (mock data

counts counts (increased contrast)

296.305

mock
data only

4<f<128

3 <B6<90°

diffuse
templates
subtracted

-0.408641 1.28114 -0.408641 1.28114
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Example (mock data

counts counts (increased contrast)

7 (increased co

-,

mock
data only

4<f <64

7 (increased co

6 <B<90°

diffuse
templates
subtracted

H
1.03158



Example (mock data

counts counts (increased contrast)

296.305

7 (increased co

mock
data only

4<f<32

7 (increased co

10°<B<90°

diffuse
templates
subtracted

-0.210449 -0.210449
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Example (mock data

counts counts (increased contrast)

296.305

mock
data only

4<f<16

22" <B<90°

diffuse
templates
subtracted

-0.167264 0.813487 -0.167264 0.813487

31



| esson:

Getting rid of some wavelet levels can
provide a much clearer picture of a signal




Kolmogorov-Smirnov Test

maximum distance between two CDFs

CDFs, w4, E_ =16.0 GeV
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"KS2 Example" by Bscan - Own work.
Licensed under CCO via Commons -

hitps://commons.wikimedia.org/wiki/
File:KS2_Example.png#/media/
File:KS2_Example.png
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Kolmogorov-Smirnov Test

maximum distance between two CDFs

CDFs, w4, E_ =16.0 GeV
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"KS2 Example" by Bscan - Own work.
Licensed under CCO via Commons -

hitps://commons.wikimedia.org/wiki/
File:KS2_Example.png#/media/
File:KS2_Example.png
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“Thresholded” wavelets

Selnel = &
set of backgrounds = {B

w; if KS(S | Asimov) > 40% KS(Bi | Asimov)
i
J | O otherwise
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Cleaned Map Method

DM35: 2.2 < E < 4.9 GeV
s>ignal a>vg of bgds ! residualAC > Al\/lresidual (maps

B

-7.46e-07 -6.57e-07 2.73e-06 -1.33e-07 1.47e-06 -1.04e-06

sidual (maps)
b
i .

signal avg of bgds residual

’
;.-I_I -'._ L e

DMBY~2.2 < E_< 4.9 GeV (increased contraAt
> > ) NC> AM.
.1'.|I

-7.46e-07 -6.57e-07 2.73e-06 -1. - -1.04e-06

wavelets provide clearer residual than maps
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Cleaned Map Thresholo

DM35: residual ov~10-26 cm3/sec
O.5<Eq,<1.0GeV 10<E < 2.2 GeV 22<E < 4.9 GeV 4.9<E7,<10.SGeV

L ——eeee—— | L —eeee—— |
-1.05e-05 Te- -1.17e- 06 2.38e-05 -1. 33e 07 1.47e-06 -2.11e-08 2.49e-07

DM35 (dim): residual ov~0.3 x10-26 cm3/sec
0.5 < Eq, < 1.0 GeV 1.0 < Ew’ < 2.2 GeV 2.2 < E' < 4 9 GeV 49 < Ev' < 10.8 GeV

L —eeee—— |
-1.69e-06 7.46e-06 - -1.47e-08 6.12e-08

30% as bright is much harder to see
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DM vs. Point Sources”?

0.5 < E < 1.0 GeV (increased contrast

iz Lo—ae—L/ e

keep JL fixed

0.000106

PS1.5 PS2.0

=

-7.11e-06 0.000138 -7.12e-06 0.000165

1.0 < E, < 2.2 GeV (increased contrast)
PSL1.5 PS2.0

-1.19e-06 3.09e-05 -1.29e-06

2.2 < E < 4.9 GeV (increased contrast)
PS1.5 PS2.0

-1.24e-07 1.58e-06 -1.46e-07

49 < E < 10.8 GeV (increased contrast)
PS1.5 PS2.0

)

-1.81e-08 . - -2. - .Ole- -2.11e-08

2.49e-07




Cleaned Map, Bubbles

22 < _EV < 4_.9 GeV
| " —

A

L ——eee——— |
-1.1e-07 8.55e-08

Bubbles, wavelets
49 < FE <10.8 GeV 10.8 < E_ < 23.7 GeV

L AN A

0

L ——eee——— | L ——eee——— |
-1.87e-08 9.97e-09 -2.82e-09

23.7 < E, < 51.9 GeV
-

"i

¥y

-6.16e-10 5.28e-10

22 < Ey <74.9 GeV

I ——
-8.66e-07

Bubbles, templates

49 < EY < 10.8 GeV 10.8 < E <« 23.7 GeV

I SSS— I SSS—
-1.45e-07 2.35e-07 -3.07e-08 6.41e-08

23.7 < E, < 51.9 GeV

P St el
s -\.-"1"‘-!: ::1.

-4.47e-09 8.01e-09




What are wavelets?

Allow analysis sensitive to both position and size

|

different structures have “power” at different levels of the
decomposition (edges = sharp variation, important first;




Conclusions

Galactic center gamma ray excess is exciting to
follow, but still so much more to learn about it

Need some less-model-dependent information
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Conclusions

Galactic center gamma ray excess is exciting to
follow, but still so much more to learn about it

Need some less-model-dependent information
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